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The oxidative step of the two-step, one-ﬂask synthesis of meso-tetraarylporphyrins is herein conducted
with heterogeneous oxidant SeO2 instead of the usual quinones DDQ or p-chloranil. Evaluation of
BF3O(Et)2 or I2 amount for the condensation of the ﬁrst step combined with the excess of SeO2 deﬁned
porphyrin synthesis conditions employing benzaldehydes and pyrrole (or 5-phenyldipyrromethane) as
starting materials. The simplicity of the workup, allied with reaction mild conditions, makes this method
a good option for the synthesis of this kind of compound.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.NH
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Scheme 1. Synthesis of TPP 1.Tetrapyrrolic macrocycles correspond to a well studied class of
naturally occurring compounds, which have attracted the attention
of synthetic chemists since the early decades of the last century.1
This interest is explained by the multiple applications of these
compounds in areas, such as Photodynamic Therapy (PDT), where
porphyrins are commonly utilized as photosensitizers.2 For this
purpose, meso-tetraarylporphyrins and derivatives (e.g., glyco-
porphyrin conjugates)3 are considered target compounds because
of their effectiveness in PDT and short synthetic routes. Most of
the porphyrin synthesis is performed through cyclocondensa-
tion–oxidation of pyrrole and an aldehyde. In the early methods
described by Rothemund4 and Adler–Longo,5 condensation and
oxidation occur simultaneously under acidic high temperature
conditions. This kind of approach not always gives satisfactory
yields and the use of sensitive aldehydes is not recommended. Dif-
ﬁculties in the puriﬁcation may also be a problem due to the
appearance of high amount of tar in such harsh reaction condi-
tions. Lindsey et al. then introduced the two-step, one-ﬂask
approach for porphyrin synthesis.6 This consists in the prior forma-
tion of porphyrinogen from acid-catalyzed condensation of pyrrole
and an aldehyde (usually with BF3O(Et)2 or CF3COOH). DDQ or p-
chloranil is then added to produce porphyrin from porphyrinogen
by successive dehydrogenations. Even though Lindsey’s conditions
represented an improvement in the porphyrin synthesis, the qui-
nones used in the oxidative step are not only expensive but also
can cause difﬁculties in the products puriﬁcation.7 In order to avoid: +55 41 33604101.
onçalves).
evier OA license.the use of high amounts of the aforementioned quinones, condi-
tions for aerobic porphyrinogen oxidation in the presence of cata-
lytic amounts of p-chloranil and iron (II) phthalocyanine were
developed.8 More recently, methods utilizing CF3SO2Cl under aero-
bic conditions7 and molecular iodine combined with p-chloranil,9
IBX10 or air under UV or thermal conditions11 have also been em-
ployed. Some other recent protocols12 are dependent on micro-
wave assisted procedures where the need of the speciﬁc
microwave oven apparatus may be an obstacle in high-scale syn-
thesis. Here, we have demonstrated a microwave-free, room tem-
perature method, which employs heterogeneous oxidation with
SeO2, a well known13 and inexpensive oxidant agent, which is
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Scheme 2. Synthesis of TPP (1) through condensation of 5-phenyldipyrromethane
and benzaldehyde followed by oxidation with SeO2 (see Table 1, entry 15).
Table 2
Synthesis of meso-tetraarylporphyrins (1–5) using SeO2 as oxidanta
Entry Aldehyde Product Yieldb (%)
1
O
MeO 2 18
2
O
AcO 3 28
3
O
4 51
4
O
1 56
5
O
Cl 5 34
a Reaction conditions as indicated in entry 11 of Table 1.14
b Isolated yields.
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(Scheme 1).
In the present preliminary work the two-step, one-ﬂask exper-
iments were conducted with CH2Cl2 as the reaction solvent and the
reaction times were set to 30 min and 60 min for the ﬁrst and sec-
ond steps, respectively. Table 1 (entries 1, 2, 4–14) presents se-
lected conditions for TPP (1) synthesis resulting from the
evaluation of reaction dilution, pyrrole, and benzaldehyde ratio,
catalyst amount in the ﬁrst step (with BF3O(Et)2 or I2) and SeO2 ex-
cess for second step. We initially tested BF3O(Et)2 for the reaction
of the ﬁrst step because this is a frequently utilized catalyst for
the two-step, one-ﬂask porphyrin synthesis.6 We found that the
amount of added acid was one of the most critical parameters un-
der our reaction conditions. As shown in Table 1 (entries 1, 2, 4 and
5), BF3O(Et)2 amount was slightly changed to give signiﬁcant ef-
fects to the corresponding yields. This evaluation indicated
0.07 mmol (7 mM) as the best quantity of catalyst under these spe-
ciﬁc conditions. The use of a small excess of benzaldehyde or pyr-
role was also assayed; although, the condition having equimolar
amounts of the starting materials gave the best yield (in Table 1,
compare entries 2, 6, and 7). Reaction dilution evaluation (in Table
1 see entries 2, 8, and 9) pointed to a dilution of 101 M in terms of
benzaldehyde and pyrrole concentration.
Lindsey et al. (1994)8 additionally studied one-step procedures
for porphyrin synthesis where pyrrole, aldehyde, acid catalyst, and
quinone were mixed simultaneously. Among ﬁve quinones exam-
ined only p-chloranil provided porphyrinogen oxidation, which
gave lower yields for TPP (1) than the two-step synthesis. Here
we performed a one-step condition using SeO2 (Table 1, entry 3),
which successfully afforded 1. In our case, the single step proce-
dure also gave a considerably lower yield (in Table 1, compare en-
tries 2, and 3). This result conﬁrms the two-step process as the best
porphyrin synthetic method, also when using SeO2 as oxidant.
SeO2-mediated oxidations are commonly conducted under high
temperatures.13 We have achieved porphyrinogen heterogeneous
oxidation by using excess of SeO2 in room temperature conditions.
However, even under these mild conditions we found that there
was a limit for the excess of SeO2 to be added. This can be noted
by comparison of entries 2, 10, 11, and 12 (Table 1) where the
appropriate amount of added SeO2 to reaction oxidative step was
investigated. This evaluation indicated that the yields increased
with the increasing of SeO2 amount upto 15 mmol. When 20 mmol
SeO2 was used, the yield of isolated TPP (1) decreased to a value be-
low the one obtained with 5 mmol. This fact is probably related toTable 1
Synthesis of TPP (1) using SeO2 as oxidant
Entry CH2Cl2 (mL) Benzaldehyde (mmol) Pyrrole (mmol) PDPMa (mm
1c 10 1 1 —
2c 10 1 1 —
3d 10 1 1 —
4c 10 1 1 —
5c 10 1 1 —
6c 10 1 1.3 —
7c 10 1.3 1 —
8c 100 1 1 —
9c 1 1 1 —
10c 10 1 1 —
11c 10 1 1 —
12c 10 1 1 —
13c 10 1 1 —
14c 10 1 1 —
15c 10 1 — 1
a PDPM = 5-phenyldipyrromethane.
b Isolated yields.
c Two-step synthesis: rt, aldehyde, pyrrole (or PDPM) and catalyst (BF3O(Et)2 or I2) fo
d One-step synthesis: rt, aldehyde, pyrrole, BF3O(Et)2 and SeO2 simultaneously (60 mithe formation of byproducts (noted during workup) when the reac-
tion was conducted with 20 mmol of SeO2. General reaction condi-
tions were then deﬁned, as shown in entry 11 of Table 1, to give
56% yield for 1.14 General workup consisted in the direct ﬁltration
of the reaction media through a Celite pad, which easily removes
the added SeO2. Filtrate was then vacuum-dried and chromato-
graphed on a short silica column to give the isolated meso-tetra-
arylporphyrins. Alternatively, product 1 could be directly
crystallized from the ﬁltered and dried reaction media without
the need of any chromatographic step.15
The use of molecular iodine instead of BF3O(Et)2 for condensa-
tion of the ﬁrst step of porphyrin synthesis has proven to be effec-
tive.9,10 Because I2 is readily available and inexpensive we haveol) BF3O(Et)2 mmol (mM) I2 mmol (mM) SeO2 (mmol) Yieldb (%)
0.1 (10.0) — 10 28
0.07 (7.0) — 10 45
0.07 (7.0) — 10 14
0.05 (5.0) — 10 41
0.025 (2.5) — 10 15
0.07 (7.0) — 10 36
0.07 (7.0) — 10 44
0.7 (7.0) — 10 14
0.007 (7.0) — 10 2
0.07 (7.0) — 5 34
0.07 (7.0) — 15 56
0.07 (7.0) — 20 29
— 0.012 (1.2) 15 35
— 0.006 (0.6) 15 1
0.07 (7.0) — 15 65
r 30 min and then SeO2 (additional 60 min).
n).
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14). These reactions, which were conducted in exactly the same
manner as deﬁned with BF3O(Et)2, indicated that it is possible to
synthesize 1 by using combined I2 (ﬁrst step) and SeO2 (second
step). Reaction performed with 0.012 mmol of I2 gave 35% yield.
In the reaction using higher amounts of iodine, TPP (1) could not
be properly isolated after standard workup due to the appearance
of unidentiﬁed side products with similar chromatographic behav-
ior to 1.
The two-step, one-ﬂask synthetic process can also employ
dipyrromethanes instead of pyrrole to produce a wide variety of
meso-substituted porphyrins.16 In order to verify if SeO2 was useful
in a different condition, a reaction performed with 5-phenyldipyr-
romethane17 and benzaldehyde (Scheme 2) was carried out as
shown in Table 1 (entry 15). This reaction gave 65% yield for TPP
(1), which extends the utility of SeO2 for this kind of procedure.
The higher yield obtained is attributed to the increasing of por-
phyrinogen formation in the ﬁrst step, due to a simpler cyclocon-
densation reaction that probably occur with dipyrromethanes
and aldehydes.
General reaction conditions14 were then successfully applied to
four other benzaldehydes yielding the corresponding meso-tetra-
arylporphyrins (Table 2). There are conﬂicting literature ﬁndings
describing the correlation of meso-tetraarylporphyrins yields to
the effect of electron-donating and withdrawing groups attached
to the parent benzaldehyde. For example, Sharghi and Nejad7 and
Liu et al.10 achieved higher yields using benzaldehydes bearing
electron-donating groups while Boëns et al.9b had opposite results.
We found that the lower were the inﬂuence of the benzaldehyde
substituents the higher were the yields. This can be noted by
observing the higher yield for benzaldehyde (1, 56%) followed by
benzaldehydes substituted with weakly donating (4, 51%) or
weakly withdrawing (5, 34%), and then with moderately (3, 28%)
or strongly (2, 18%) donating groups, as shown in Table 2.
In conclusion, we have demonstrated the applicability of SeO2
to the oxidative step ofmeso-tetraarylporphyrins synthesis in com-
bination with improved BF3O(Et)2 catalysis, or with I2 catalyst. Un-
der our reaction conditions, SeO2 works as a heterogeneous
oxidant, which facilitates its removal from reaction media. Further
studies involving SeO2 with different conditions and using a wide
variety of aldehydes are currently under investigation in our
laboratories.
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